Cycloadducts of 3-Hydroxy-1-phenacyl pyridinium bromide (1) and 3-Hydroxy-1-(4-nitrobenzyl) pyridinium chloride (2) with vinyl trimethylsilane, methyl sulfonyl chloride and vinyl triphenylphosphonium bromide were prepared. Six novel polyaniline/ cycloadduct (PANI/CY) composites were prepared by the polymerization of aniline in the presence of different weight percentages of cycloadduct were characterized using Fourier transform infrared (FTIR) spectroscopy, Mass spectrum (MS) and Nuclear magnetic resonance (NMR),Transmission electron microscopy (TEM). Their potential as antibiofouling agents was evaluated. Antimicrobial /macrobial fouling activity were conventional using inhibition zone, serial tube dilution methods and mortality tests respectively.
Introduction
Pyridin-3-ol and its 1-substituted pyridinium-3-olate have been used to build a variety of aza-bicycle octenone derivatives which proved to have potential as biologically active compounds.On the other handpolyaniline has a variety applications towards technology and this applications are in electrochemical devices, storage batteries, corrosion inhibitors, light emitting diodes (LED), and variety sensors. Recently studies indicate that Polyaniline (PANI) showing antibacterial properties. (Stejskal, Sapurina et al. 2010) as well asPolyaniline nanostructures and the role of aniline oligomers in their formation.
Industrial fouling involves inorganic, organic, particules and biological fouling. (Smeltzer, Nelson et al. 2008 )Biofouling in industrial water systems is a difficult problem not easily controlled and even then at a significant cost. (Venkatesan and Murthy 2008) Biofouling results from the growth of different micro and macro organisms and plants on the surfaces of submerged structures. (Anon 1952) Attaching of marine biofoulants in a remarkable numbers to submerged objects has been demonstrated by several authors as a worldwide phenomenon. (Ramadan, Kheirallah et al. 2006) Microbiofouling is indirectly related to the presence of aerobic and anaerobic microorganisms which can damage the metal by adhering to different surfaces.Relative to the bacteria, a wide diversity of taxa was used. (Dhanasekaran, Thajuddin et al. 2009 )Bacteria involved in the adhesion process on artificial hard substrate are generally selected when [( AF) Antifouling] compounds for man-made devices are screened (Wilsanand, Wagh et al. 1999, Ramasamy and Murugan 2007) . *Corresponding Author: nada7med2012@gmail.com
Experimental section 2.1. Materials and methods
Melting points were measured with a Gallen Kamp melting point apparatus. Silicagel-coated aluminum plates used to test the purity of the compounds. Infrared spectra (λ-cm −1 ) were recorded on a PYE-Unicamsp 300 infrared spectrometer (Ain Shams University, Egypt), using KBr disks. 1 H NMR spectra were recorded on Bruker 300 MHz, in using dimethyl sulfoxide as a solvent and tetramethylsilane (TMS) as an internal standard (Chemical shift in δ, ppm). Mass spectra were measured on GCQ Finnigan MAT and elemental analyses were performed at the microanalytical Center, Cairo University, Giza, Egypt. The crystal size samples have been investigated by (TEM, Model JEM-200CX, JEOLJapan), TGA measurements were carried out on a Nietzsche DSC 204 (Germany). Biological activity was determined in Petroleum Biotechnology Lab, Processes Design and Development Department, Egyptian Petroleum Research Institute (EPRI), Cairo, Egypt. All the chemicals were purchased from Sigma-Aldrich.
General method
Synthesis of 3-hydroxy-1-phenacyl pyridinium bromide (1) and3-hydroxy-1-(4-nitrobenzyl) pyridinium chloride (2) 3-Hydroxy-1-phenacyl pyridinium bromide (1) and3-hydroxy-1-(4-nitrobenzyl) pyridinium chloride (2) were synthesised according to the literature method (Aboelnaga and Abbady 2017) , mixture of pyridin-3-ol (1 g, 0.01 mol) and phenacyl bromide (2g, 0.01 mol or 4-nitrobenzylchloride (1.8 g, 0.01 mol) in acetonitrile (30 ml) was stirred for 4 h then the solvent was removed under reduced pressure. The yellow residue obtained was recrystallized from EtOH to give 3-hydroxy-1-phenacyl pyridinium bromide (1) as pale yellow crystals, (1.6 g, 80 %), mp 224-226°C.and 3-hydroxy-1-(4-nitrobenzyl) pyridinium chloride (2) as pale yellow crystals, (2.7 g, 96 %), mp 212-214°C.
2.3.
Cycloaddition reaction of pyridinium-3-olates (1) and (2) with different dipolarophiles. General method A mixture of 3-hydroxy-1-phenacyl pyridinium bromide (1) or 3-hydroxy-1-(4-nitrobenzyl) pyridinium chloride(2) and dipolarophiles (vinyl trimethylsilane,methylene sulfone and vinyl triphenylphosphonium bromide) (0.01:0.01 mol) in the presence of hydroquinone (0.02 g), triethylamine (2 ml) was added to 20 ml of DMF. The reaction was heated in ultrasonic bath at 40ºC, for 4 hours. At the end of the reaction, the solvent was evaporated under reduced pressure to give deep brown oil, which triturated with light petroleum b.p 40-60ºC and then extracted with chloroform that was separated, dried over anhydrous sodium sulphate, filtered off, and evaporated under reduced pressure to give the corresponding adducts (3)-(8). 
Cycloaddition of 3-hydroxy-1-phenacyl pyridinium bromide (1) with vinyl trimethylsilane

Cycloaddition of 1-(4-nitrobenzyl) pyridinium -3-olate (2) With vinyl trimethylsilane
The residue obtained was recrystallized from ethanol to give 8-(4-nitrobenzyl)-2-oxo-8-aza-bicyclo[3.2.1]oct-3-en-6-exo(trimethylsilane)(6),as brown crystals (m.p=142-144ºC), (2.54g, 79% , 50.64; H, 3.92; N, 9.09; O, 25.95; S, 10.40. Found; C, 50.93; H, 3.65; N, 9.45; O, 25.75; S, 10.22 
Cycloaddition of 1-(4-nitrobenzyl) pyridinium -3-olate (2) with vinyl triphenylphosphonium bromide
The residue obtained was recrystallized from isopropanol to give 8-(4-nitrobenzyl)-6,6,6-triphenyl-7-methyl-8-aza-phosphabicyclo[3.2.1]oct-3-en-2-one (8), as brown crystals (m.p. =130-132ºC) (3.81g, 75% 
Polymerization 2.4.1. Preparation of polyaniline
To a well stirred solution of aniline(9.3ml) in (20 ml 1M HCl) was added dropwise a solution of Amm.peroxi disulphate (22.8 g in 20ml,1M HCl) over a period of 1 hour at 0ºC and, freezed for 2 hours. The precipitate filtered off and washed with water then methanol and dried. (Syed and Dinesan 1992) 2.4.1.1. Composite of pyridinium salts (1) and (2) with polyaniline: by blending method.
To a 2g of polyaniline was added to different weight (0.025, 0.05, 0.1, and 0.2 g) of pyridinium salts(1) or (2) then blended well to give (9a, 9b, 9c, and 9d) and (10a, 10b, 10c and 10d) respectively.
Polyaniline and cycloadduct composite: by insitue method
To a well stirred solution of aniline(9.3ml) in (20 ml 1M HCl) and 0.1 g of different cycloadduct (3)-(8) of Amm.peroxidisulphate (22.8 g in 20ml,1M HCl) was added dropwise over a period of 1 hour at 0ºC and, freezed for 2 hours.The precipitate filtered off then washed with water and, washed with methanol ,finally dried to give a series of new synthesised composites (11)- (16) 
Preparation of Nano polyaniline
To a well stirred solution of aniline(9.3ml) in (20 ml 1M HCl) and (1 g ) surfactant (Sodium Dodecyl sulphate) a solution of Amm.peroxi disulphate (22.8 g in 20ml,1M HCl) was added dropwise over a period of 1 hour at 0ºC and, freezed for 2 hours. The precipitate filtered off then washed with water and, washed with methanol finally, dried to give nanopolyaniline. (Jeevananda and Lee 2008) 2.4.2.1. Nano Polyaniline and cycloadduct composite: by blending method.
To a 2g of Nano polyaniline was added 0.1 g of different cycloadduct (3)-(8) then blended well to give a series of new synthesised nano composites (11(n)-16 (n) respectively.
Results and discussion
The reaction of 3-hydroxypyridine with phenacyl bromide or 4-nitrobenzylchloride using acetonitrile as a solvent gave quaternary pyridinium salt, namely, 3-hydroxy-1-phenacyl pyridinium bromide (1) or 3-hydroxy-1-(4-nitrobenzyl)pyridinium chloride (2). Thepyridinium salts (1) or (2)mixed withtriethylamine and 2π dipolarophiles and then the reaction mixture was heated in an ultrasonic bath at 40ºC for 4 hrs.The in situ liberated 3-hydroxy-pyridinium-3-olate was allowed to react as [4n] π component across 2,6 positions of the pyridinium ring with vinyl trimethylsilane, methylene sulphone or vinyl triphenylphosphonium bromideto give the new cycloadducts 6-substituted 2-oxo-8-azabicyclo [3.2.1] oct-3-enes (3-5) and (6-8) respectively. The IR spectra of cycloadducts (3), (6)showed the appearance ofCO at 1683 cm -1 for conjugated carbonyl, 1 H NMR of (3), (6) revealed the doublet signal of H-5 (cf. Experimental part). H-5 is the key proton for differentiation between the 6-endo (kinetically controlled) and 6-exo-(thermodynamically controlled) stereoisomer.H-5 displayed a doublet which is in accord with 6-exo-stereoisomer this is owing to the bulky trimethylsilyl. The 6-endo-counter stereoisomer displayed the key proton H-5 a triplet as a consequence of its coupling with H-4 and exoH-6. Furthermore, The IR spectra of cycloadducts (4), (7) showed the appearance of CO at 1684 cm Experimental part) which prove the migration of vinyl double bound toward the positively charged phosphorus atom left after precipitation of bromide ion by TEA, on the other hand, cycloadducts(5),(8) showed lack of H-6 as it is occupied by phosphorus atom.
Scheme 1
In this work we have added different cycloadduct to polymer matrices to prepare novel polyaniline composites. There is an interaction between the cycloadduct and PANI in the obtained composites which have homogenous structure, the presence of the cycloadduct with the PANI increases the thermal stability of the PANI. The presence of different effective groups in cycloadduct resulted in cycloadduct homogeneity with polyaniline and its spread between chains and filling of the spaces. The difference between the two structures of cycloadduct is the activity of CH 2 methylene group and the direction ofbenzenoid ring or the stereochemistry which affect its penetration into polymer matrix. TEM images of polyaniline and the prepared polyaniline/ cycloadduct composites are shown in (figs.1, 2, 3&4) Thecycloadduct appears to fill the gaps between the polymer chains because of its large size and the spread of its molecules in the polymer matrix. Both cycloadduct of two salts have formed a nanocomposite in which different effective group did not affect image of TEM. (Table 1) . As nitro compounds constitute a large group of chemicals that are characterized by the presence of one or more nitro groups (Race, Lovering et al. 2005) ,their toxic effects have been expressed in multiple applications including antimicrobial agents. (Spain 1995 , Traversi, Degan et al. 2009 )Thus, enzymatic reduction is essential for the nitro compounds to exercise their cytotoxic effects, and most nitro aromatics should undergo enzymatic reduction in organisms . (Bryant and McElroy 1991 , Lee, Matheson et al. 1991 , Race, Lovering et al. 2005 The nitro reductases proteins form a group of enzymes that have a central role in the reduction of nitro groups on nitro compounds. McElroy 1991, Lee, Matheson et al. 1991) Nitroreductases comprise a family of proteins with conserved sequences that were originally discovered in eubacteria and have been grouped together based on their sequence similarity . (Bryant, McCalla et al. 1981) These enzymes are capable of catalyzing the reduction of nitro substituted compounds using flavin mononucleotide (FMN) or flavin adenine dinucleotide (FAD) as prosthetic groups and nicotinamide adenine dinucleotide (NADH) or nicotinamide adenine dinucleotide phosphate (NADPH) as reducing agents . (Bryant, McCalla et al. 1981 , Bryant and McElroy 1991 , Lee, Matheson et al. 1991 On the other hand, carbonyl reductases enzymes are considered to be responsible for reduction of carbonyl groups of the other tested cycloadducts (Comp 13, Comp 11 and Comp 12) in cell metabolism of the tested organisms. Furthermore, coupling of two carbonyl groups together with cross linked hydrogen bond could be regarded as another obstacle causing lower efficacies of these cycloadducts (Bryant, McCalla et al. 1981 , Navarre and Schneewind 1999 , Ghosh, Sawicki et al. 2001 , Doorn, Maser et al. 2004 , Gilbert, Failli et al. 2006 , Bains, Karkling et al. 2009 , El-Hawari, Favia et al. 2009 , Tchatalbachev, Ghai et al. 2010 Particularly speaking, the highest efficacies belonged to Phosphoniumcycloadducts (Comp 16& Comp 13) which may be referred to the presence of three phenyl groups, while silylcycloadducts (Comp 14& Comp 11) had three attached methyl groups, and in case of Thiacycloadducts (Comp15& Comp 12) there are no alkyl groups(as Active , Kawabata and Nishiguchi 1988, Badawi and Hafiz 2007) . Considering the foregoing mode of action, the ROS-induced oxidative stress is an important antimicrobial mechanism of the tested nanocycloadducts.ROS (reactive oxygen species) is the reactive intermediates that have strong positive redox potential that differs with different types of nanomaterials and consequently producing different types of ROS by reducing oxygen molecules. There after exhibit different levels of dynamics and activity. (Gurunathan, Han et al. 2012 )As a result of excessive production of ROS causes unbalanced state producedoxidative stress which damages the individual components of bacterial cells expressing the inhibition, bactericidal/ fungicidal efficacy (Li, Zhang et al. 2012 , Peng, Ni et al. 2013 
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Evaluation of Antifouling Activity
Polyaniline compounds have been proved to display biofouling (corrosion-prevention behavior). (Wang, Li et al. 1999) . Toxicity of different cycloadducts against the macrofoulantsModiolus articulates (LC 50 ): Results of acute toxicity of the tested potent nanocycloadducts (i.e. 96 h LC 50 ) ( Figures 11& 12) were as follows: 16(n): 1.3 ppm; 14(n): 1.4 ppm; 15(n): 1.5 ppm; 13(n): 1.6 ppm; 11(n): 1.65 ppm and 12(n): 2.0 ppm. Cytotoxicity of nitro compounds together with lower carbonyl cross linking in 4-nitro benzyl pyridiniumcycloadducts compared to higher carbonyl groups cross linking may explain the efficacy direction of both cycloadducts. (as Active , Moreno and Docampo 1985 , Kawabata and Nishiguchi 1988 , Livingstone 1991 , Badawi and Hafiz 2007 , Ju and Parales 2010 Figure (11): Toxicity of the nanocycloadduct 16(n); 14(n) and 15(n) (96h LC50) against the adult mussels Modiolus articulates.
Figure (12):
Toxicity of the nanocycloadduct 13(n); 11(n) and 12(n) (96h LC 50 ) against the adult mussels Modiolus articulates.
Toxicity of potent nanocycloadducts against non-target sea organisms
The nanocycloadducts 13(n); 11(n) and 12(n) caused 17% mortality against both of the amphipods Leucothoeacanthopus and the isopods Cirolana bovinaand 10% mortality against Mugilseheli fingerlings at 2.0 ppm; 2.5 ppm and 3.0 ppm respectively after 96 h of exposure. On the other hand, 20% mortality of Leucothoeacanthopus, Cirolana bovina and12.5%mortality ofMugilseheli fingerlings were obtained at 1.0 ppm; 1.5 ppm and 2.0 ppm of 16(n); 14(n) and 15(n) respectively after 96 h of exposure. Thus, the nanocycloadducts {13(n); 11(n) and 12(n)} showed a considerably less toxicity than in case of 16(n); 14(n) and 15(n) against non-target sea organisms.
Conclusion
Among the prepared cycloadducts, nano-cycloadducts of 4-nitrobenzyl pyridinium {16(n); 14(n) and 15(n)were observed to be the most potent antimicrobial/antifouling agents considering their toxicity against nontarget sea organisms. The nanocycloadductphosphonium of 4-nitrobenzyl pyridinium {16(n)} appeared to be on the top of the list followed by 14(n) and 15(n) respectively.
